Introduction and rationale
==========================

Currently, intravenous (i.v.) thrombolysis with recombinant tissue-type plasminogen activator (rt-PA) is the only evidence-based effective treatment for acute ischemic stroke within 4·5 h after symptom onset ([@b1],[@b2]). Because the therapeutic time range for effective i.v. rt-PA therapy is limited, onset-to-treatment time is vital. Delayed thrombolysis may cause a life-threatening condition such as symptomatic intracranial hemorrhage (sICH). Because accurate onset-to-treatment time is not determined for patients with unclear-onset time of stroke symptoms or those who wake up with stroke symptoms, i.v. rt-PA therapy is usually contraindicated for these patients.

According to previous reports, about one-fourth of acute stroke patients suffer from stroke symptoms with unclear-onset time or onset during sleep ([@b3]--[@b5]). These patients were reported to have similar early ischemic findings on initial computed tomography (CT) or magnetic resonance imaging (MRI) compared with those presenting within three-hours ([@b6]) or six-hours of symptom recognition ([@b7]). Because onset of all subtypes of stroke has an early morning peak ([@b8]), a large number of patients who wake up with stroke symptoms may still be within the time window for i.v. thrombolysis when they arrive at the hospital.

Recently, stroke MRI findings with positive diffusion-weighted imaging (DWI) and no marked parenchymal hyperintensity on fluid-attenuated inversion recovery (FLAIR) (negative FLAIR pattern) was proposed to act as a 'brain clock' that indicates the stroke occurred within 3--4·5 h from stroke symptom onset ([@b9]--[@b11]). DWI depicts a reduced apparent diffusion coefficient indicating cytotoxic edema caused by ischemia within minutes of stroke ([@b12]). FLAIR is characterized by strong T2 weighting together with suppression of cerebrospinal fluid signal and is often positive 3--4·5 h after stroke onset ([@b9]--[@b11],[@b13]).

There are several reports of nonrandomized patients on thrombolysis based on CT or MRI findings in acute stroke patients with unclear-onset time. Most reports had retrospective study designs and suggested the safety and feasibility of thrombolysis for this subgroup of stroke patients ([@b14]--[@b19]). In Japan, a single-center, nonrandomized, prospective study involving 20 patients with unclear-onset time and negative FLAIR pattern on initial MRI showed no occurrence of sICH after i.v. rt-PA at 0·6 mg/kg alteplase; at 90 days, 47% of patients showed modified Rankin Scale (mRS) scores of 0--2 ([@b15]). However, there is no established data from randomized, controlled trials of i.v. rt-PA in patients with unclear-onset time. To our knowledge, there are six ongoing clinical trials to test the safety and efficacy of thrombolysis in acute stroke patients with unclear-onset time worldwide: the Safety of Intravenous Thrombolytics in Stroke on Awakening (SAIL-ON) (ClinicalTrials.gov Identifier NCT01643902), the Safety of Intravenous Thrombolysis for Wake-up Stroke (Wake-Up Stroke) (ClinicalTrials.gov Identifier NCT01183533), the Efficacy and Safety of MRI-based Thrombolysis in Wake-up Stroke (WAKE-UP) (ClinicalTrials.gov Identifier NCT01525290) ([@b20]), the Wake up Symptomatic Stroke in Acute Brain Ischemia (WASSABI) Trial (ClinicalTrials.gov Identifier NCT01455935), and WUS-rTPA (EudraCT no. 2010--019359-23). All of the trials use alteplase at 0·9 mg/kg. We hypothesized that stroke patients with unclear-onset time and a negative FLAIR pattern on MRI will improve more by i.v. thrombolysis than by standard treatment using alteplase at 0·6 mg/kg, a dose that is unique to Japanese patients. Thus, we planned a multicenter trial to test this hypothesis.

Methods
=======

Design
------

The THrombolysis for Acute Wake-up and unclear-onset Strokes with alteplase at 0·6 mg/kg (THAWS) Trial is an investigator-initiated, multicenter, prospective, randomized, open-treatment, blinded-end-point clinical trial comparing i.v. rt-PA (alteplase) and standard treatment in unclear-onset stroke. This trial is registered with the ClinicalTrials.gov (Clinical Trials.gov Identifier NCT02002325) and the UMIN clinical trial (ID: UMIN000011630). Figure [1](#fig01){ref-type="fig"} shows a flowchart of the trial design. Table [1](#tbl1){ref-type="table"} shows a schedule of the trial. The design is similar to the WAKE-UP trial ([@b20]).

![Thrombolysis for Acute Wake-up and unclear-onset Strokes with alteplase at 0·6 mg/kg (THAWS) trial flow chart. AEs, adverse events; ASPECTS, the Alberta Stroke Program Early CT Score; CT, computed tomography; DWI, diffusion-weighted imaging; FLAIR, fluid-attenuated inversion recovery; i.v., intravenous; MRI, magnetic resonance imaging; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; rt-PA, recombinant tissue-type plasminogen activator.](ijs0009-1117-f1){#fig01}
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Schedule of assessments for THAWS trial

                                                                       Baseline    Administration of treatment   Observational period                                                     
  -------------------------------------------------------------------- ----------- ----------------------------- ------------------------------------ ----------------------------------- ---
  Consent                                                              ○                                                                                                                  
  Demographics/Baseline information/Medical history/Prior medication   ○                                                                                                                  
  Screening/Eligibility                                                ○                                                                                                                  
  Randomization                                                        ○                                                                                                                  
  Physical examination                                                                                                                                                                    
   NIHSS                                                               ○                                         ○                                    ○                                   
   mRS                                                                 Premorbid                                                                      ○                                   ○
   Height/Weight                                                       ○                                                                                                                  
   Blood pressure/Pulse rate                                           ○           ○                             ○                                                                        
   Body temperature                                                    ○                                                                                                                  
  Laboratory tests/Imaging                                                                                                                                                                
   Blood test                                                          ○                                         ○                                                                        
   Urine test                                                          ○                                                                                                                  
   Electrocardiogrphy                                                  ○                                                                                                                  
   MRI                                                                 ○                                         ○[\*](#tf1-1){ref-type="table-fn"}   ○[†](#tf1-2){ref-type="table-fn"}   
  Adverse events                                                                   ○                             ○                                    ○                                   ○
  Alteplase administration                                                         ○                                                                                                      

Follow-up MRI at 24 h is allowed to be obtained between 22 and 36 h after the treatment administration.

Follow-up MRI at day 7 is allowed to be obtained between 7 and 14 days after the treatment administration or at discharge (whichever is first).

MRI, magnetic resonance imaging; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale.

Patient population
------------------

Patients with acute ischemic stroke whose onset time of stroke symptoms cannot be determined represent the target population for the THAWS. Inclusion and exclusion criteria are listed in Table [2](#tbl2){ref-type="table"}. As clinical inclusion criteria for timing of treatment initiation, time from last-known-well period without neurological symptoms to treatment initiation should be between 4·5 and 12 h, and time from symptom recognition to treatment initiation should be within 4·5 h. Patients with posterior circulation stroke including brain stem stroke are not excluded because they are reported to potentially have a longer therapeutic time window than those with anterior stroke ([@b21]). The negative FLAIR pattern as an acute ischemic lesion visible on DWI, but no marked parenchymal hyperintensity visible on FLAIR is a vital imaging inclusion (Fig. [2](#fig02){ref-type="fig"}). Exclusion criteria mainly follow the prescribing information for alteplase in Japan. A detailed imaging guidebook kindly provided by the WAKE-UP steering committee will confer extensive examples illustrating inclusion and exclusion criteria on MRI ([@b20]).

###### 

Inclusion and exclusion criteria

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Clinical inclusion criteria
  • Clinical diagnosis of acute ischemic stroke with unknown symptom onset (e.g., acute wake-up ischemic stroke and acute ischemic stroke with unknown time of symptom onset)
  • Age 20 years or older
  • Last-known-well period without neurological symptoms \> 4·5 h and \<12 h of treatment initiation
  • Treatment can be started within 4·5 h of symptom recognition (e.g., awakening)
  • Initial NIHSS ≥ 5 and ≤25
  • Written informed consent by patient or next of kin
  Imaging inclusion criteria
  • Acute stroke MRI including DWI and FLAIR completed
  • ASPECTS on initial DWI ≥ 5
  • Pretreatment MRI showing a pattern of 'negative FLAIR', that is, acute ischemic lesion visible (or normally visible) on DWI but no marked parenchymal hyperintensity visible on FLAIR indicative of an acute ischemic lesion ≤ 4·5 h of age
  Clinical exclusion criteria
  • Prestroke mRS \> 1 (patients who have inability to carry out all daily activities and require some help or supervision)
  • Contraindications in the Japanese guidelines for the intravenous application of recombinant tissue-type plasminogen activator (alteplase)
   √ History of nontraumatic intracranial hemorrhage
   √ History of stroke within the last one-month (excluding transient ischemic attack)
   √ History of significant head/spinal injury or surgery within the last three-months
   √ History of gastrointestinal or urinary tract bleeding within the last 21 days
   √ History of major surgery or significant trauma other than head injury within the last 14 days
   √ Hypersensitivity to alteplase or any of the excipients
   √ Suspected subarachnoid hemorrhage
   √ Concurrent acute aortic dissection
   √ Concurrent hemorrhage (e.g., intracranial, gastrointestinal, urinary tract, or retroperitoneal)
   √ Systolic blood pressure ≥ 185 mmHg despite antihypertensive therapy
   √ Diastolic blood pressure ≥ 110 mmHg despite antihypertensive therapy
   √ Significant hepatic disorder
   √ Acute pancreatitis
   √ Blood glucose \< 50 or \>400 mg/dL (\<2·8 or \>22·2 mmol/L)
   √ Platelet count ≤ 100 000/mm^3^
   √ PT-INR \> 1·7 or prolonged aPTT \[\>1·5 times the baseline value ( \> approximately 40 s only as a guide)\] for patients on anticoagulation therapy or those with abnormal coagulation
  • Any contraindication to MRI (e.g., cardiac pacemaker)
  • Planned or anticipated treatment with surgery or endovascular reperfusion strategies (e.g., intra-arterial thrombolysis, mechanical recanalization techniques)
  • Pregnant, lactating, or potentially pregnant
  • Life expectancy six-months or less by judgment of the investigator
  • Inappropriate for study enrollment by judgment of the investigator
  Imaging exclusion criteria
  • Poor MRI quality precluding interpretation according to the study protocol
  • Large DWI lesion volume \> 50% of the anterior cerebral artery or posterior cerebral artery territory (visual inspection)
  • Large DWI lesion in brain stem or cerebellum (e.g., more than half of brain stem or more than half of unilateral cerebellar hemisphere)
  • Any sign of intracranial hemorrhage on baseline MRI
  • FLAIR showing marked parenchymal hyperintensity corresponding to the acute DWI lesion indicative of an acute ischemic lesion with a high likelihood of being \>4·5 h old ('positive FLAIR')
  • Any MRI findings indicative of a high risk of symptomatic intracranial hemorrhage related to potential intravenous alteplase treatment in the judgment of the investigator
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

aPTT, activated partial thromboplastin time; ASPECTS, Alberta Stroke Program Early CT score; DWI, diffusion weighted imaging; FLAIR, fluid attenuated inversion recovery; MRI, magnetic resonance imaging; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; PT-INR, prothrombin time international normalized ratio.

![Examples of magnetic resonance imaging (MRI) inclusion and exclusion criteria. (a) A negative fluid-attenuated inversion recovery (FLAIR) pattern shows an acute ischemic lesion clearly visible on diffusion-weighted imaging (DWI), but no marked parenchymal hyperintensity visible on fluid-attenuated inversion recovery (FLAIR) corresponding to the DWI lesion (yellow circles). (b) A positive FLAIR pattern shows an acute ischemic lesion clearly visible on DWI and clear parenchymal hyperintensity on FLAIR corresponding to the acute DWI lesion (yellow circle).](ijs0009-1117-f2){#fig02}

MRI sequence and baseline assessment
------------------------------------

DWI (spin-echo echo planar imaging), FLAIR (fast spin echo), T2\* and magnetic resonance angiography (MRA) sequences are mandatory acquired. Perfusion imaging with dynamic susceptibility contrast is optionally added for baseline imaging. The details of DWI and FLAIR parameters are as follows: DWI with field of view (FOV) of 240 mm, acquisition matrix of 128 × 128, slice thickness of ≈5 mm, gap of 0--1 mm, repetition time (TR) of ≈8000 ms, and echo time (TE) of ≤100 ms; FLAIR on 1·5 Tesla MRI with FOV of 240 mm, acquisition matrix of 256 × 256, slice thickness of ≈5 mm, gap of 0--1 mm, TR of ≥8000 ms, TE of 100--140 ms, and inversion time (TI) of ≈2300 ms; and FLAIR on 3 Tesla MRI with FOV of 240 mm, acquisition matrix of 256 × 256, slice thickness of ≈5 mm, gap of 0--1 mm, TR of ≥10000 ms, TE of 95--125 ms, and TI of ≈2600 ms.

Basically, DWI and FLAIR lesions are visually assessed according to the WAKE-UP imaging guidebook. For DWI assessment, apparent diffusion coefficient map can be used to exclude a T2 shine through effect. If DWI lesion is extensively overlapping with a previous stroke lesion or extensive white matter change, such patient needs to be excluded. The guidebook optionally provides the objective guidance to include patients with relative signal intensity of \<1·2 on FLAIR lesion corresponding to acute DWI lesion as compared with contralateral normal signal intensity.

Randomization and data management
---------------------------------

Eligible patients are randomized 1:1 to either i.v. rt-PA (alteplase, the rt-PA group) or standard treatment (the control group). Both patients and investigators are open to treatment allocation. However, primary and secondary outcomes are assessed without information regarding treatment allocation by independent neurologists, neurosurgeons, or nurses. The Research Electronic Data Capture (REDCap) system is used for data entering and management.

Treatment
---------

Alteplase is supplied in glass vials. Labeling and packaging of study medication are conducted according to good manufacturing practice, good clinical practice, and local and national regulatory requirements. Patients randomized to the rt-PA group receive alteplase 0·6 mg/kg body weight i.v. up to a maximum of 60 mg, 10% as bolus, and 90% as continuous infusion over one-hour. Patients randomized to the control group do not receive i.v. rt-PA but are treated with one to three antithrombotic drugs, including aspirin (160--300 mg/day), clopidogrel (75 mg/day), argatroban, and unfractionated heparin, except for the combination of argatroban and heparin according to attending physician\'s decisions. Such antithrombotics are prohibited for use in the rt-PA group within the initial 25 h. Treatment has to be initiated as soon as possible within 60 min of the end of the MRI examination. In addition, i.v. edaravone (free radical scavenger) is routinely given before or soon after trial enrollment for both groups, for a maximum of 14 days, unless contraindicated or inappropriate. Other antiplatelets (e.g., cilostazol) and anticoagulants (e.g., warfarin) are prohibited within the initial 25 h, and thrombolytic agents such as urokinase and monteplase are prohibited during the 90-day study period in both groups.

Clinical and radiological assessments
-------------------------------------

Trained neurologists, neurosurgeons, or nurses will perform clinical assessment at baseline, at 22--36 h, at 7--14 days or at hospital discharge, and at 90 days after stroke onset. Neurological severity is evaluated using the National Institutes of Health Stroke Scale (NIHSS). At 90 days, a physician, nurse, or clinical research coordinator who is not aware of treatment assignment assesses mRS and adverse events at the clinic or by telephone interview. Investigators are recommended to complete a training and certification program for NIHSS and mRS.

In addition to the initial MRI prior to randomization, follow-up MRI is performed after 22--36 h to identify ICH, and after 7--14 days to delineate final infarct volume. All images are judged at the MRI examination scanner or the display for reading or viewing purposes by the local investigators. All investigators are recommended to pass a standardized training program for image judgment provided by the WAKE-UP committee. A central image reading board continuously monitors the fulfillment of the prespecified MRI standards in each participating center and the compliance of patients randomized with the imaging inclusion and exclusion criteria.

Primary and secondary outcomes
------------------------------

Efficacy and safety end-points are listed in Table [3](#tbl3){ref-type="table"}. Primary efficacy end-point is favorable outcome defined by mRS score 0--1 at 90 days after stroke onset. The safety end-points are sICH at 22--36 h and major bleeding ([@b22]), and death due to any cause at 90 days.

###### 

Efficacy and safety assessment

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Primary efficacy end-point
  • Favorable outcome defined by mRS score 0--1 at 90 days after stroke onset
  Secondary efficacy end-points
  • Categorical shift in NIHSS score at 24 h after the initiation of treatment
  • Categorical shift in NIHSS score at seven-days after the initiation of treatment
  • mRS score 0--2 at 90 days after stroke onset
  • Categorical shift in mRS score at 90 days after stroke onset
  • Recanalization of culprit artery on MRA 22--36 h after the initiation of treatment
  • Infarct volume on FLAIR 7--14 days after the initiation of treatment
  Safety end-points
  • sICH as defined by an increase of NIHSS score of ≥4 from baseline and parenchymal hematoma type II (PH-2) on MRI 22--36 h after the initiation of treatment
  • Major bleeding as defined by fatal bleeding, symptomatic bleeding in a critical area or organ, such as intraspinal, intraocular, retroperitoneal, intraarticular, or pericardial, or intramuscular with compartment syndrome, or bleeding causing a fall in hemoglobin level ≥ 2 g/dL, or leading to transfusion of ≥4·5 units (≈1125 mL) of whole blood or red cells according to the definition of the International Society on Thrombosis and Haemostasis ([@b22]) within 90 days after stroke onset
  • Death (mRS 6) due to any cause at 90 days after stroke onset
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

FLAIR, fluid attenuated inversion recovery; MRA, magnetic resonance angiography; MRI, magnetic resonance imaging; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; sICH, symptomatic intracerebral hemorrhage.

Data monitoring body
--------------------

Data monitoring is centrally conducted by the members of Department of Advanced Medical Technology Development, National Cerebral and Cardiovascular Center. According to the order from the steering committee, the members occasionally visit collaborating hospitals to review source materials, including related medical records and documents for consent forms. Responsible authorities, related ethics committees, or directors of collaborating hospitals have the right to review source material if necessary.

Data and safety monitoring board
--------------------------------

An independent data and safety monitoring board (DSMB) oversees the conduct of the trial. The occurrence of any safety end-point is immediately reported to the DSMB by the responsible physician via the central office, along with the accumulated number of safety end-points and total patient enrollment numbers. All safety end-points are mandatorily analyzed after inclusion of 150 and 300 patients. The proportion of sICH in the i.v. rt-PA group is compared with those of previous reports ([@b23]--[@b27]), and the proportions of major bleeding and death in the i.v. rt-PA group are compared with those in the control group. In any case of concern about the safety of participants, the DSMB makes a recommendation to the steering committee about continuing, stopping, or modifying the trial.

Sample size calculation
-----------------------

A total of 278 patients (139 per group) is required to ensure 1 − β = 90% probability to demonstrate that the relative effect of i.v. rt-PA to standard treatment for ischemic stroke patients is more than a fraction of 0·5 of the combined relative effect of i.v. rt-PA across the stroke thrombolysis studies ([@b15]--[@b17],[@b28]), by using one-sided chi-square test of significant level of 2·5%, where the effects of i.v. rt-PA and standard treatment are assumed 30% and 20% commonly for Japanese patients and comparable combined studies. Accounting for possible treatment failures, protocol violations, and dropouts, a total of 300 patients (150 per treatment group) will be recruited.

Statistical analysis
--------------------

Analyses will be done according to an intention-to-treat (ITT) principle. A secondary per-protocol sensitivity analysis will be done to assess the robustness of conclusion from ITT basis analysis. Patient demographic data will be analyzed descriptively; categorical variables will be assessed with the chi-square test or Fisher\'s exact test, whereas continuous variables will be assessed with the Student\'s t-test or the Wilcoxon rank-sum test, as appropriate. The primary outcome is the proportion of patients with mRS 0--1 (i.e., primary end-point) at 90 days between the i.v. rt-PA and control groups, analyzed by the chi-square test. Relative risk (RR) for the primary outcome will be calculated with the corresponding 95% confidence interval. The secondary outcome is the change in NIHSS from baseline to at 24 h or 7 days, analyzed by analysis of covariance (ANCOVA), where the model includes treatment group as factor and NIHSS at baseline as a covariate. Safety data will be analyzed descriptively for the treated set, which consists of all randomized patients who receive at least one study treatment. The statistical analysis plan, which includes more technical and detailed elaboration of the principal features stated in the protocol, will separately be prepared and be finalized before breaking the blind.

Study organization and funding
------------------------------

The THAWS is organized by a central coordinating center located at the National Cerebral and Cardiovascular Center, and conducted in approximately 35 centers in Japan after the approval of Advanced Medical Technology Development authentication system by the Ministry of Health, Labour and Welfare. The steering committee manages the trial. The THAWS receives funding support from the Award from Charitable Trust Mihara Cerebrovascular Disorder Research Promotion Fund (to Minematsu) and the Intramural Research Fund for Cardiovascular Diseases of National Cerebral and Cardiovascular Center (H23-4-3).

Discussion and conclusion
=========================

The THAWS is a randomized, controlled trial of stroke thrombolysis with alteplase 0·6 mg/kg based on the presence of negative FLAIR pattern on initial MRI in patients with unclear-onset time of stroke symptom, that is, wake-up stroke. The negative FLAIR will ensure the enrollment of patients with ischemic lesions likely to be less than 4·5 h after stroke onset who are likely to benefit from thrombolysis. The THAWS may trigger approval of low-dose i.v. thrombolysis using MRI-based selection as a routine clinical practice for ischemic stroke patients with unclear-onset time. Furthermore, 0·6 mg/kg of alteplase is expected to have similar efficacy and higher safety than 0·9 mg/kg in Asian countries ([@b29]), and it is now investigated in the Enhanced Control of Hypertension and Thrombolysis Stroke Study (ENCHANTED) (Clinical Trials.gov Identifier NCT01422616).

Of several ongoing clinical trials on thrombolysis in acute stroke patients with unclear-onset time in worldwide, the WAKE-UP trial is the largest. We are in contact with the WAKE-UP group and they kindly provided us their detailed imaging guidebook and standardized training program for image judgment to share the same imaging inclusion criteria. We may conduct a meta-analysis with the ongoing trials for unclear-onset stroke, including the WAKE-UP trial.
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